Through the analysis of atmospheric turbulence gradient observation data by the National Climate Center in Inner Mongolia, Hebei and Jiangxi Poyang Lake, to investigate the vertical distribution characteristics of wind speed near surface under different atmospheric stability conditions, the main conclusions are as follows: (1) in simple inland terrain, overall wind shear index >0.2 occurs in very unstable, stable and very stable stratification, is relatively small; in coastal flat terrain, the overall wind shear index high value appeared more in stable stratification; although Hukou and Xingzi both inland lake terrain along the mountain, but the terrain of Xingzi is more complex, air currents accelerate during mountain climbing, the overall wind shear index >0.2 has a high frequency .While the lake-land circulation has greater impact on Hukou, so the frequency of overall wind shear index >0.2 is closer to that of Huanghua. (2) In wind turbine design and selection, only consider the overall wind shear index in impeller diameter is not enough, the vertical variation of wind speed under the condition of complex terrain is unable to use a monotone function to describe.
INTRODUCTION
China has a vast territory and abundant wind resources, mostly distributed in mountainous terrain and flat coastal areas. These resources rich areas have been fully developed in the early wind farm construction. With the progress of technology in the field of wind energy, new wind turbine with high wind turbine hub and long blade can be started by low wind speed, and Wind energy utilization rate is also higher. For this reason, the low wind speed area of Southeast China has development value of wind energy resources where we don't think so before. The hub height of the low wind speed wind turbine can reach 90m-120m, and the diameter span of the blade sweeping area can reach 30m -200m. If the difference between upper and lower wind speed is too large, it will cause some damage to the wind turbines. How to improve the utilization rate of wind energy, cut the cost and prolong the service life of wind turbines are the problems that need to be solved in the field of wind energy.
The study of atmospheric boundary layer cannot be separated from observational experiments. In history, every observation experiment has promoted the development of atmospheric boundary layer physics. The most influential observation is the Great Plains of the United States plans in August 1953, more than a dozen universities and research institutions took part in it [1] . At the east foot of the Rocky Mountains, they observed surface fluxes, wind speed, vertical temperature profile distribution of atmospheric boundary layer for a month. Subsequently, the United States carry out the Kansas and Minnesota experiments in the plain area again in 60-70s, began to use the 32 meter observation tower, tethered balloon and three-dimensional acoustic anemometer [2] . Based on the experimental results, Businger get flux profile relationship in surface layer, which is still widely used [3] . From March 1997 to September 2004, the U.S.
Argonne National Laboratory of atmospheric boundary layer observation scale experiment in Kansas southern plain, including layer dynamics, land surface changes of atmospheric boundary effects, land atmosphere interactions and energy balance and so on, the experimental data set can be obtained on the site (www.atmos.anl.gov/ABLE). In Australia, there were 5 times the atmospheric boundary layer field observation experiment in 60 and 70s, of which the most famous is the Wangara atmospheric boundary layer experiment [4] , then the study reveals the ground height, the nocturnal boundary layer thickness and convective boundary layer structure and development process, Hicks studied the near surface wind profile the relationship by using Wangara data [5] . From April 2010 to March 2011, the Danish National Energy Laboratory Risoe [6] in HøVSøre coastal area flat farmland was carried out in a joint observation experiment, 6 layer ultrasonic anemometer mounted on the tower 100 meters high on the (10, 20, 40, 60, 80, 100 m) observation, 100 meters to 1200 meters using lidar, the interval of every 50 meters, wind profile obtained were similar with gradient wind profile and geostrophic wind profiles simulated by the WRF model (The Weather Research and Forecasting Model) .
Since 1980s China has also carried out several large-scale atmospheric boundary layer observation experiment, combined with some experience abroad, obtained 3 sets of common national standards: (1) the load code for the design of building structures: surface roughness will be divided into four categories to calculate wind load, wind pressure and wind coefficient, ensure the architectural design the safe and reasonable; (2) wind energy resource assessment method of wind farm: the calculation method of wind resource to have detailed requirements from the reference criterion of wind data requirements, wind data processing, various parameters, in order to obtain a reasonable wind energy resource assessment data; (3) technical methods for making local emission standards of air pollutants: the atmospheric stability are divided into strong unstable, unstable, weak unstable, neutral, weak stable and stable by Pasquill stability classification, and got index values of wind profiles in two underlying surfaces of urban and rural areas [7] [8] [9] .
Many of the above conclusions are based on classical similarity theory, the premise of the classical turbulence similarity theory is the flat and homogeneous underlying surface. China is a mountainous country, rich wind energy is mainly distributed in the mountainous area, low wind speed distribution of wind energy resources in the eastern plain is very limited, so the near surface wind speed vertical distribution cannot be described as a monotone function in any region. In order to recognize the influence of vertical variation of wind speed between different swept surfaces of 30-200m on the land of China during the operation of wind turbines, experimental data of 100m atmospheric turbulence observation tower by the National Climate center are used in this paper. These experiments are in Inner Mongolia Xilinhaote City, Hebei Huanghua City, Jiangxi Hukou county and Xingzi County during 2009-2011, the analysis of wind speed distribution regularity are in different underlying surface and different stability . It provides reference for the feasibility study of wind energy resources development with low wind speed.
OBSERVATION EXPERIMENTS
During 2009-2011, the National Climate Center carried out atmospheric turbulence observation experiments in Inner Mongolia Xilinhaote, Hebei Huanghua, Jiangxi Poyang Lake for more than one year. Figure 1 shows the location of the 4 100m wind towers on the national map of the city, with dots. The small map above is the topographic map of the Inner Mongolia experimental area. The drawing pin indicates the position of the wind tower. The terrain of the Inner Mongolia experimental area varies gently and the elevation is above 1100m. Xilinhaote 100m wind tower located 1159m altitude, in West and northwest of it is a little higher, about 3-6 degrees of slope. The observation experimentation area in Inner Mongolia is a grassland underlying surface. In summer, the grass height is up to 30-40cm, the coverage rate is about 70-80%, and the height of grass in the winter is about 5cm. The small map for Hebei experimental field surrounding the map, which said Huanghua tower pin position, it is seen that the Hebei experimental field area terrain height changes gently, NNE -SSN direction is Bohai, the other direction for the farmland and residential area, the coastline near the tower distance of about 1500 m. The surface observation experimentation area for shrimp ponds, vary little throughout the year. Small lower left for the Jiangxi experiment area surrounding the topographic map, which represents 2 pin wind tower location, it is seen that the north is the Hukou tower, the tower on the west side of Poyang Lake only distance is 100m, the south tower tower on the east side of Poyang Lake is Xingzi, distance between them is about 500m. The underlying surface of 2 wind towers are almost same, which belongs to the relatively complex mountainous terrain, the ground covered with perennial low vegetation. Therefore, the Xilinhaote observation site represents a simple interior topography; the Huanghua observation site represents the flat terrain along the coast; the Poyang Lake observation site represents the complex interior topography. Observations include average volume gradient observations and turbulent flux gradient observations. The former observation instrument of wind speed, temperature and humidity are produced by the Jiangsu radio scientific research Institute (ZQZ-TF wind sensor and air temperature sensor) and the Finland VAISALA HMP45D company (air temperature and humidity sensor), observation height were 4m, 10m, 30m, 50m, 70m and 100m. Turbulence flux using CSAT3 three-dimensional ultrasonic anemometer produced by American Campbell company, details see table 1. 
RESULT ANALYSIS

The distribution of atmospheric stability
In the past, in order to simplify calculation, save computation time and cost, or because of lack of observation data, it is usually assumed that the atmosphere is in neutral state. With the rapid development of wind power industry, data continues to improve, the computational fluid dynamics simulation of wind field is constantly developed and numerical calculation method, more and more people have realized that in order to improve the complex terrain wind field numerical simulation of micro scale accuracy of different stability conditions must be calculated separately.
According to the Monin-Obukhov similarity theory [10] , Length scale: （1）
Speed scale: （2）
The velocity scale is friction velocity; length scale Monin-Obukhov length L (L); u', v', w' and T' were three-dimensional wind and temperature fluctuation; K is constant 0.35; g is the acceleration of gravity; T is the average temperature. Table 2 is observed during the experiment, using the above formula to calculate each area one year 10m L value distribution under different stability conditions, the stability classification according to Gryning and Alfredo Pena [11] [12] .
It can be seen that the atmospheric stability distribution of 4 wind towers is very different, the probability in very unstable and very stable stratification of Xilinhaote appeared in more than 30%, stable stratification accounted for 12%, the frequency of other stabilities is close; very unstable stratification of Huanghua appears the highest rate, 41%, followed by very stable, stable and neutral stratification, which are more than ten percent, the frequency of other stabilities is close; in Xingzi , very unstable , neutral and very stable stratification appears very high probability for more than 20%, followed by stable, unstable, slightly unstable, slightly stable stratification, the probability is relatively low; neutral stratification of Hukou is highest, reached 30%, and the proportion of stable stratification is greater than unstable stratification. Figure 2 is different stability distribution changes with time, in general, especially during the daytime, due to strong solar radiation and ground temperature goes up quickly, atmospheric motion increase the proportion of unstable stratification, and in the night, a larger proportion of stable stratification. Xilinhaote belongs to the inland gentle slope underlying surface, and is less affected by the dynamic and thermodynamic effects, so it accords with the daily variation law of atmospheric stability described by the classical similarity theory. Although the terrain of Huanghua is flat, while 1.5km from the coastline will be affected by the local sea-land circulation, the atmosphere on the land exchanges the atmosphere on the ocean, so that at night the atmosphere will not be as stable as Xilinhaote. Xingzi has a complex terrain, 500m west of the Poyang Lake, lake-land circulation dynamic effect and the local terrain will have impact on the wind tower, so the proportion of the neutral atmosphere at night is more than that in simple terrain; Hukou, the distance is closer to Poyang Lake, for about 100m, under the lake-land circulation, the proportion of neutral atmosphere is larger. 
Characteristics of wind shear index
When use computational fluid dynamics software to simulate wind field movement, we need to set the vertical wind profile as initial boundary conditions. The vertical wind profile is used to describe the vertical distribution of the wind speed near the surface layer, it mainly depends on the underlying surface and the atmospheric stability. The power law formula is: (3) -wind shear index; v 2 -wind speed at height z 2 ; v 1 -wind speed at height z 1 . According to GB/T 13201-91 [9] , when design wind turbine, wind shear index >0.2
is not in accordance with the design standards, for the large difference between the up and down wind speed will cause great impact on the wind turbine, shorten its life, so the study of wind shear index under different underlying surface and atmospheric stability becomes particularly important. Figure 3 is the frequency distribution of the overall wind shear index under different stability, the abscissa is different atmospheric stability, the vertical axis is the frequency of the overall wind shear index fitting for 30-100m. As you can see, Xilinhaote overall wind shear index has the highest frequency in very unstable and very stable stratification, the frequency of Huanghua overall wind shear index is highest in very unstable stratification ,other frequency are close to each other; Xingzi overall wind shear index in very unstable, neutral, stable and very stable stratification has high frequency, the frequency of Hukou overall wind shear index is highest in the neutral stratification, the frequency of stable stratification is higher than that of unstable stratification. (vu-very unstable, u-unstable, su-slightly unstable, n-neutral, ss-slightly stable, s-stable, vs-very stable) Table 3 is the percentage of the overall wind shear index in different regions, in Xilinhaote, huanghua and Hukou, overall wind shear index <0.2 only reach about 55%, Xingzi is 44.64%. Xilinhaote belongs to the inland terrain, the wind shear index in the case of >0.2 appears in very unstable，stable and very stable stratification, the overall wind shear index is relatively small; the overall wind shear index in Huanghua coastal areas appear large values of higher probability, this is because of the flat terrain, when the atmospheric stratification is stable, the overall wind shear index is large; Xingzi and Hukou are both mountainous terrain along the inland lake, the terrain of Xingzi is more complex, air currents accelerate during mountain climbing, the overall wind shear index with large value has high frequency. While the lake-land circulation has greater impact on Hukou, so the the frequency of overall wind shear index > 0.2 is closer to that of Huanghua. Figure 4 is the overall wind shear index changes with time, the abscissa is 24 hours, the ordinate is the overall wind shear index fitting for 30-100m, we can see that in general, overall wind shear index of Xilinhaote, Huanghua, Hukou and Xingzi in the daytime especially when afternoon the upper atmosphere mixing with lower atmosphere, is in low value. While at night, in stable atmospheric stratification, the overall wind shear index value is large. Even though the overall wind shear index is less than 0.2, stratified wind shear index will be greater than 0.2. Table 4 is the data after selecting the 30-100m overall wind shear index <0.2, the percentage of the stratified wind shear index （calculated for the two adjacent heights） more than 0. 3. Xilinhaote is flat terrain, frequency of stratified wind shear index >0.4 is 1.88%; Huanghua is flater than Xilinhaote, frequency of stratified wind shear index more than 0.4 is slightly higher than that of Xilinhaote; Xingzi has complex terrain, on the southeast side of Mount Lu, and is located close to Poyang Lake, at the same time by air produced by local dynamic acceleration and the effect of heat convection layered ,the frequency of stratified wind shear index more than 0.4 up to 7.32%; Hukou is more close to the Poyang Lake, nearly surrounded by water, affected by heat exchange, the effect of terrain is relatively small, and the frequency of stratified wind shear index >0.4 is close to Huanghua. If a wind farm is built in such complex terrain as Xingzi, it is important to choose the right wind turbine. In addition, under the complex terrain conditions, the local wind shear is larger, and the selection of wind turbine with long blade fans is especially important. Figure 5 shows the typical 30-100m overall wind shear index <0.2, but the stratified wind shear index is greater than 0.3 in the observation data of the 4 towers. The abscissa is wind speed, and the ordinate is height. Xilinhaote 30-50m stratified wind shear index is 0.31, 50-70m is 0.1, 70-100m is -0.02; Huanghua 30-50m stratified wind shear index is 0.15, 50-70m is 0.2, 70-100m is 0.32; Xingzi 30-50m stratified wind shear index is 0.47, 50-70m is -0.58, 70-100m is 0.63; Hukou 30-50m stratified wind shear index is -0.04, 50-70m is 0.39, 70-100m is 0.15. It is said that even if the overall wind shear index <0.2 stratified wind shear index can be far greater than 0.2, indicating that if the fan design only consider the overall wind shear index is not enough, the stratified wind shear index too large will cause certain impact on the wind turbine. It is also shown that vertical variations in wind speed cannot be described by a monotonic function in complex terrain conditions, preferably stratified. 
4.CONCLUSION
This paper is based on the need of micro scale numerical simulation in complex terrain, through the analysis of atmospheric turbulence gradient observation data by the National Climate Center in Inner Mongolia, Hebei and Jiangxi Poyang Lake, to investigate the vertical distribution characteristics of wind speed near surface under different atmospheric stability conditions, the main conclusions are as follows: (1) simple inland terrain is basically in line with the classic similar theory when describe diurnal variation of atmospheric stability; coastal flat terrain will be affected by the local sea-land circulation, the atmosphere on the land exchanges the atmosphere on the ocean, so that at night the atmosphere will not be so stable as Xilinhaote, complex inland terrain effected by lake-land circulation and dynamic, so the proportion of the neutral atmosphere at night is more than that in simple terrain. (2) In simple inland terrain ,overall wind shear index >0.2 occurs in very unstable, stable and very stable stratification, is relatively small; to coastal flat terrain, atmosphere is more stable, the overall wind shear index high value appeared more; although Hukou and Xingzi both inland lake terrain along the mountain, but the terrain of Xingzi is more complex, air currents accelerate during mountain climbing, the overall wind shear index greater than 0.2 has a high frequency. While the lake-land circulation has greater impact on Hukou, so the the frequency of overall wind shear index with value above 0.2 is closer to that of Huanghua. (3) In wind turbine design and selection , only consider the overall wind shear index in impeller diameter is not enough, the vertical variation of wind speed under the condition of complex terrain is unable to use a monotone function to describe, the frequency of stratified wind shear index greater than 0.4 is 1.88%; in coastal flat terrain the frequency is slightly higher, 2.21%; complex terrain as Xingzi, on the southeast side of Mount Lu, and beside Poyang Lake, effected by the dynamic and thermal effects, frequency of stratified wind shear index >0.4 up to 7.32%; Hukou on the Poyang Lake side, the heat effect is larger, stratified frequency of wind shear index >0.4 is 1.52%.
